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Abstract 
Bioreactor, the womb for human stem cells, plays a vital role in enhancing its proliferation under controlled environment. Stem cells have the 
potential to differentiate and replicate it-self to further grow human tissues and organs. Bioreactor nurtures stem cells by providing nutritious 
environment and peerless oxygen flow inside the cell bag without obstructing the sheer force of the fluid or gas bubbles. The present paper 
unveils the design and development of bioreactor using the gyrator motion mechanism. This high functional bioreactor provides automation 
system that enhances the environment and serves excellent nutrient distribution to exceed cell growth through oxygen transfer and better 
mixing. One of the best characteristic of this bioreactor is that it requires no cleaning or sterilization as it is disposable. Compared to other 
bioreactors such as spinner flask type, rotating-wall type and the hollow fibre type, the proposed bioreactor is more convenient, easy to operate 
and maintain with more flexibility. Proposed bioreactor system operates in conjunction with mechanism of external gyrating motion that uses 
gravity in a natural way to make the flow circular inside it. The simultaneous mixing motion base is extremely suitable to grow stem cells. This 
bioreactor can be easily placed in an incubator and further addition or sampling is viable without the use of laminar flow cabinet.  
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 
2015. 
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1. Initiation 
Stem cells are highly recognized by their unique property of 
self-renewal. They are undifferentiated with self-renewal 
capacity. These properties are very appealing for therapeutic 
applications, but the actual number of cell therapy products 
that have reached the market is still very low (Parson,2008)[1]. 
Almost four hundred clinical trials recruiting mesenchymal 
stem cells(MSCs) for the treatment of several diseases such as 
spinal cord injuries, burns, liver cirrhosis, or failure of graft 
versus host disease, diabetes mellitus, progressive multiple 
sclerosis and cardiac ischemiaare are carried out at the 
moment [2]. Successful implementation of stem cell-based 
technologies will require the high potential to generate huge 
number of cells with well-defined characteristics [3]. The 
proliferation of stem cells through bioreactors is a promising 
process for the future application of MSCs depending on the 
application and requirement, culture system must be designed 
to produce expanded stem cells with uniform properties which 
and/or promote controlled, reproducible differentiation into 
selected mature cell types of high purity [3]. 
Bioreactor is a closed system or fermenter that provide the 
physiological requirements such as pH, temperature, pressure, 
oxygen concentration, CO2 level, nutrients supply etc. For the 
 
Nomenclature 
MSCs   Mesenchymal stem cells 
GMP    Good Manufacturing Process 
DO       Dissolved Oxygen 
SuB      Single use Bioreactor 
vvm      Airflow rate 
KLa       Oxygen transfer co-efficient 
 
different types of product expansion, commercially different 
types of bioreactors are used such as Spinner flask type, 
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Rotating-Wall type, Wave type, Column type, Parallel Plates 
type and Hollow-Fiber type. But during the past decade, drugs 
and cell Proliferation through single use bioreactor has widely 
captured acceptation for efficient outcome with different 
control parameters. Some well-known companies are already 
leading with different capacities and types of bioreactors in 
the market. Many research groups have employed different 
types of bioreactors for stem cells. Moreover, disposable 
bioreactors are classified by the type of mechanically driven 
power input such as wave-mixed, stirred, shaken from orbits,  
vertical oscillations, pneumatically driven or hybrid system 
[4]. Some of the companies and their commercial bioreactors 
are mention below in table 1. 
Table 1. Overview of current available SuB 
Manufacturer Mechanism Country 
Thermo Fisher Top driven stirrer shaft with bearing/Seal USA 
GE Healthcare Rocking platform, bottom driven 
impellor with magnetic coupling 
U.K 
 
Sartorius 
 
Rocking platform & Top driven shaft 
with magnetic coupling 
Germany 
ATMI Paddle type USA 
CELLution biotech Rocking Platform (2D) Canada 
 
As mentioned above in table 1, there are various cell 
culture vessels, such as roller bottles, spinner flasks, T-flask, 
Hollow-fiber and similar systems, are more complex in 
various aspects. They have not attained an ideal environment 
for cell growth due to high local fluid shear. It uses bubble 
aeration with high cost and maintenance. The technique of 
adapting stirred mechanism by using impellers for cell culture 
has the disadvantage of stirring which is invasive and harms 
the cell under suspension. For growing cells in micro-carriers, 
such stirring may produce large shear forces that dislodge the 
stem cells from the micro-carriers and it may even cause the 
damage to the stem cells. This mechanism is commercially 
available and inexpensive. Other excellent devices such as 
hollow-fiber bioreactor and fluidized bed bioreactors have 
turned out more complex to replace the spinner flask for cell 
cultivation [5]. Many research groups have published their 
modifications of bioreactor and MSCs expansion in it.  
Bioreactor systems target a reliable and efficient procedure, 
enabling highly reproducible, automated and controlled 
process which is compatible with good manufacturing 
practice (GMP) requirements [6,7]. As per our study and 
research work, the proposed design for Gyratory motion 
bioreactor has significant advantages over commercially 
developed bioreactors due to good nutrient distribution 
through motion, proper interaction between stem cell and 
culture media and oxygen transfer without gas bubbles or high 
shear force. Additionally, on-line monitoring and controlling 
the cultivation of all parameters such as pH, DO, CO2 and 
temperature plays an important role for optimal growth 
conditions of MSCs expansion. However, many challenges 
still remain. For example, controlling parameter such as, 
physicochemical variables like pH, dissolved oxygen or 
temperature and biochemical input including the levels of key 
nutrients and metabolites or growth factor [1].  
2. Proposed design of disposable gyratory motion 
bioreactor 
This single use bioreactor consists of three main units; 
chassis/pillar of bioreactor, bioreactor bed/platform and 
external control unit. The Gyratory motion bioreactor operates 
in conjunction with mechanism of non-rotating gyratory 
motion. All the process parameters along with gassing, 
feeding rate and rotational speed are controlled and regulated 
through external control unit. Apart from this, the temperature, 
pH-value, Oxygen transformation are regulated by sensor 
electrodes and Control valve.   
2.1. Design structure of Bioreactor 
In this proposed design, there is one main shaft which 
passes between two bearings. The upper end of the shaft is 
attached with top plate while at the bottom end it is connected 
with electric motor. Each bearing is connected with different 
component. One pivoted bearing is fixed to the steady stand 
and the second rotating bearing is fixed with the main shaft 
which performs eccentric movement through speed controlled 
electric motor. Due to electric motor, this eccentric motion 
shaft rotates which result in movement of pivoted bearing 
eccentric rotation. The tensioner spring located in between the 
top plate and steady stand results in restriction of circular 
motion and forces to act as an angular gyratory motion with 
the help of bearing which is located on steady stand. The 
angular gyratory motion induces lowering of the top plate 
around its boundary. This gyratory motion transmits constant 
one directional flow to the disposable bioreactor bed which is 
placed on the top plate through central support and the side 
clip support. 
This plate has mainly two natural tendencies. One is with 
reference to the horizontal placing under normal operating 
conditions and second is due to gravity, the culture media in 
the disposable bag will be moved from one end to another end 
as shown in figure 1. The objective of this proposed design is 
to provide central elevation platform with natural horizontal 
tilt which takes advantage of gravity for motion. This one 
directional circulating flow over the filter has contact with 
culture media inside the bed. It results in a tangential flow to 
prevent clogging over the filter. 
2.2. Donut shaped disposable bag 
The disposable bag of bioreactor is closed, sealed and pre-
sterilized. It plays a vital role in proliferation of MSCs. This 
disposable bag is made of plastic material like polyvinyl 
chloride, polyethylene or any other polymer approved by 
human medical use standards. The disposable bioreactor bag 
has donut shape with central hole, which is placed on the  
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Fig. 1.  Proposed design of gyratory motion bioreactor. 
designed plate. For shape and rigidity, clean filtered air is 
filled in the disposable bag chamber when it is placed on the 
designed platform. For safety and accuracy purpose, it is 
ensured through cylindrical central and side clip support. 
The inlet and outlet tube of the bag is sealed with silicon 
plug and cap. In the threaded type case, it is welded to flange 
bush for transferring the ingredients into the culture bag. The 
ports are provided with bag for either option or a combination 
of both. A pre-sterilized single use disposable stem cells 
culture bag is placed on the plate, partially filled with media. 
By using the integral sterile inlet filter method it is inflated 
afterwards. Through the headspace of the bed the airflow is 
continuously passaged which provides oxygen and gas 
exchange for regulating pH and CO2 removal. At the same 
time, control valve allows the exhaust air to pass through a 
sterilizing filter. The function of backpressure control valve is 
to ensure the fully inflated chamber rate at different airflow. 
This valve also cures overinflating with prospect bursting of 
chamber.  
3. Deducing parameters 
In this proposed design of disposable bioreactor system, 
the most important parameters for improving growth of MSCs 
like the mixing characteristics, time distribution, expansion of 
MSCs, cell number and measurement of oxygen transfer are 
incorporated. 
3.1. Residence Time Distribution: 
The residence time destruction is the one of technique to 
characterized mixing in the bioreactor [9]. Dirac pulse is used 
to determine the residence time distribution.  The Dirac pulse 
is predicted by adding the methylene blue, the tracer 
substance in to the single use bioreactor in 5-10 s of time. 
This tracer substance is injected through inlet tube which is 
already attached with disposable bioreactor bag. At the 
starting point, the plate is oriented horizontally to analyze the 
situation for residence time distribution in MSCs expansion 
process. During the computation, H2O is injected through the 
inlet outlet tube with a pump rate of 2mL/min using peristaltic 
pump.  
3.2. MSCs Culture 
Human MSCs were isolated from the umbilical cords. By 
surface marker analysis and functional properties, the isolated 
cells are characterized as mesenchymal stem cells [8]. MSCs 
are preserved until the experiment will starts. Experiments are 
performed with cells passages 3 to 7. Stem cells are cultivated 
in αMEM containing 1 g/L glucose,10% human serum  and 
50 µg/ml in a humidified atmosphere containing 5% CO2 , 21% 
O2 at 37 °C. 
3.3. Proliferation of UC-MSC in the gyratory motion        
bioreactor: 
For the proliferation of MSCs in the bioreactor, we used 
UC-MSC which is already preserved. Once the environment 
is stable in the SUB, it is seeded at cell density of 1500 
cells/Cm2 and totals number 3x 106. These cells are seeded in 
the incubator for 24 hours for cell attachment. Then the 
bioreactor is filled with cell suspension and MSCs are 
subsequently cultured over two passages in αMEM 
supplemented with 10 % human serum and 0.5 % gentamicin 
at 37°c. MSCs get attached in 24 hours. After that, rotation of 
bioreactor starts. The gyratory motion mechanism is set by 
10-20 cycle/min where feeding rate and MSCs culture media 
is ready to interact with 2%. As per our assumptions, our 
everyday growth depends on lactate production and glucose 
consumption. 
3.4. Measurement of Oxygen transfer 
The proficiency of the oxygen transfer in the SUB is 
decided by volumetric oxygen transfer coefficient KLa at 
various cycles per minute, volume of liquid and aeration rates. 
Dynamic method is used for measurement of KLa. In SUB the 
liquid is deoxygenated by passing the nitrogen through 
headspace. The headspace is evacuated and air is then allowed 
into the headspace, once DO concentration is near to zero. 
From the slope of mass balance, equation used to calculate 
KLa is: 
    2* 1
*
12 ln CC
CC
ttakL 
                                                         (1) 
Where, 
 C* =  the saturation DO 
 C1  =  DO at time t1  
 C2 =  DO at time t2   
3.5. MSCs number and doubling time: 
MSCs were treated with accutase after 12 days of 
proliferation. First, with the help of pump, removal of cell’s 
culture medium is done. Then PBS is filled in SUB and cells 
are allowed to wash for 5 minutes by switching on gyratory 
motion. Once washing is finished, PBS is removed and 
approximately 80 ml of accuatase at 37° is inserted into the 
donut shaped culture bag for about 20 minutes. After that the 
falcon tubes are used for collection of harvested cells and 
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harvested cells are centrifuged for about 15-17 minutes at 
300xg. Cells are then suspended in fresh αMEM. Hamocyto 
meter is used for the estimation of cell numbers. Population 
doubling calculations are done according to the equation: 
2ln
ln
0
¸¸¹
·
¨¨©
§
 x
x
Nd       (2) 
Where,  
 Nd = number of population doubling at period of time ∆t 
 Xo   = number of living cells at t=0 
X   = number of cells at time t (end of the cultivation) 
 
Population doubling time is calculated through:    
 
Nd
tTd '                                                                              (3) 
4. Result and Discussion 
4.1 Residence time: 
We consider the residence time, which is one of the 
important parameters for getting information about 
homogeneity of the liquid phase in the bioreactor. By 
conducting a washout experiment, we tried to characterize the 
RTD. The grade of filling of gyratory motion bioreactor with 
liquid media and rotation speed of the mechanism has effect 
on the residence time and back mixing inside the bioreactor. 
4.2 Oxygen transfer: 
The gyratory motion of media in the SUB bag has gained 
increasing mass transfer than result of static culture. Figure 2 
depicts the KLa measured at different rates of rpm. 
 To compare the results, the results, the oxygen transfer is 
obtained in spinner flask from published report named Aunins 
et al.(1989). As per report, KLa of a 1 l spinner with 500 ml 
was counted 1 hr-1 and Dorrestenijn et al. 91994) value of  
KLa  in 600 ml spinner system with 300 ml media was around 
2hr-1. When the oxygen transfer rate into 1000 mL of media 
with result a kLa of 3 hr
-1 is compared with kLa for 1000 mL of 
Media in 3 L spinner, three-fold higher results are obtained 
which is shown in table 2. 
So for limiting oxygen transfer, this could be a potential 
result in three fold higher maximal cell density in the gyratory 
motion bioreactor. Once we acquire the total knowledge of 
oxygen transfer, it will be easily possible to avoid oxygen 
depletion. The data is mentioned in the table 1, reflecting 
good data to understand the value, which is published value.  
4.3 Mixing studies:  
Circular motion per minute or rpm is one of the vital roles 
played to mix the culture media and cells. Under different 
conditions, time for mixing of culture media and cells are 
approximated by injecting a florescent dye and videotaping. 
In gyratory motion mechanism we experienced better mass 
transfer rate with changing the rpm and air flow rate. Figure 2 
Fig. 2. Graph of KLa respect to rpm in 2L gyratory motion bioreactor. 
Transfer rate with changing the rpm and air flow rate. Figure 
2 show the KLa measured at different rpm in 2 L system.  As 
the rpm increase the oxygen mass transfer ratio is also 
simultaneously increasing. 
Table 2. Comparison of KLa with proposed experimental value of Gyratory        
motion and Spinner type bioreactor  
Liquid media(ml) KLa in Gyratory bioreactor  KLa in spinner 
100 1.59 hr-1  (2 L bag) 1.91 hr-1 
500 3.0 hr-1    (2 L bag) 1.25 hr-1 
1000 2.8 hr-1   (2 L bag) 1 hr-1 (estimated) 
These experiments indicate the effectiveness of the 
gyratory motion bioreactor which results in effective mixing 
rate. The mixing time calculated for 2 Liter to 5 Liter is 5 to 
10 sec and 5 Liter to 10 Liter is 50 to 60 second (Estimated) 
for each simultaneously.    
 
 
Fig. 3. (a) Growth of MSCs in 2L gyratory motion bioreactor;                     
(b) Growth of MSCs in 2L spinner control. 
4.4 Biological parameters: 
At the end of the cultivation, the expansion of MSCs in 
Gyratory motion SUB number is maximized over 12 days. 
The micro-carrier seeding density is taken to 1500 cells/Cm2.  
The total expansion of cell number is 24.6 ± 2.7x106 and 
9.2 ± 0.8 fold. Total population doubling is 3.03± 0.14 and 
population doubling time is 39.6 ± 18.4. The growth rate of  
MSCs number increased by 8 fold after 12 days. During this 
time, the DO is controlled by at least 45% and pH and Co2 is 
regulated properly. 
5. Conclusion 
The single use bioreactor of disposable type with bag has a 
concept of newly designed platform with central elevation 
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which can be used for any disposable bioreactor bag. The 
purpose of a single direction circulation flow, is to prevent the 
clogging of the filters which are placed inside the bag in 
contact with the media culture and stem cells resulting in 
tangential flow. Proper oxygen transfer and mixing ratio are 
accomplished by gyratory motion mechanism. Gyratory 
motion mechanism shows sustainable growth of MSCs.as per 
experiments we would like to conclude that gyratory motion 
is more reliable to generate or produce quantitative MSCs in 
the SUB which can be used in clinical industry or laboratory 
based project with required fulfilment.  
Future challenges include the development of clinical and 
laboratory scale bioprocess system. Develop the automatic 
controller to regulate the various parameters for medium scale 
to volume ratio. As we already aware about different 
parameter for each stem cells we have to develop the 
sustainable and effective system for better proliferation of 
stem cells. We also want to realize the effect of different shear 
force, rpm and circular motion with different biological 
parameter such as pH, DO, CO2 etc. This all studies will be 
more helpful to generate more amounts of quality based cells 
with gyratory motion mechanism. 
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